Like many other physical quantities, the optical force can be expanded using multipole expansion, which has been done in [Nat. Photon. 5, 531], up to electric octupole order. However, in that study, the existence of radiation multipoles were pre-assumed, and the role of the fundamental building units, charges, are not evident. Here, we derive the same multipolar expression of optical force by treating the particles as a collection of point charges or point dipoles, which results in more transparent physics and mathematics.
electrodynamics.
Consider a particle consists of a collection of charges illuminated by incident fields E and B . The charges are assumed to be bounded together by other internal forces that are strong compare to the optical force. Let r be the particle's center of mass. The time averaged optical force, here after referred simply as the optical force, acting on a collection of charges is generally given by for the leading multipoles. The recoil force is simplest to be derived from a far field integration of the Maxwell stress tensor [4] , here we focus on the extinction force.
We consider a monochromatic incident wave with angular frequency , and each charge is vibrating about its equilibrium position. We have where a dot above a variable indicates a time derivative. In the following, since we will eventually take time-averaging, all terms of the form F and const B are treated as zero for convenience, as they will be zero after taking time averaging anyway.
We now expand (1.2) in a Taylor series in i  r . The zeroth order of (1.2) gives To the first order, one has: 
which is the optical force for an electric dipole.
To the second order: which is the optical force for an electric quadrupole.
Using the Maxwell equation
or equivalently its component form (1.14) which is the optical force for a magnetic dipole.
To the third order: which is the force associated with electric octupole. The second line of (1.18) is
r' E r'r'r' E r' r'r' B (1.21) which is the force associated with the magnetic quadrupole moment.
To summarize, the total force excluding the recoil force is We shall show that the time averaged optical force acting on a small particle can be expanded in a multipole expansion. A particle illuminated by an external incident field is exposed to two types of field, namely the initial incident field and the field produced by the multipoles. As a result, the particle also experiences two types of optical forces, namely the force induced directly by the incident field (Type 1 forces) and the force induced by the multipoles (Type 2 forces). We shall derive the former force first, and then derive the latter force.
In the main text, we derive the time averaged Type 1 optical force acting on the multipoles by starting from the scratch, i.e. by considering a collection of point charges that build up the electrodynamics multipoles, one can derive the optical force from the Lorentz force. Here, we shall take an alternative approach. We shall start from the formula for the electric dipole force, and then evaluate the optical forces acting on the higher order multipoles through a limiting procedure.
Consider a composite particle consists of two nearby dipoles having total dipole moment 12 t  p p p , and situated in an external harmonic field E . Here we shall denote this composite particle as a C4-particle, because it is composed of four charges. Such C4-particle possesses an electric dipole moment, a magnetic dipole moment, and an electric quadrupole moment. We know that the time averaged optical force acting on a single dipole is given by
where p is the dipole moment and E is the external incident field, and the gradient operator does not operate on p , and this is actually the first order force. Accordingly, we use this to calculate the optical force acting on the C4-particle, which is
where d is the separation between the two composing dipoles. Since the separation for the pair of dipole is small, we also take the first order to get 
The first term in the second line of(3),
is the optical force that the incident field directly acts on the total electric dipole moment of the particle, where the gradient operator does not operate on F dp E r dp + p d E r dp p d E r F (6) We get
where   Re :
and the electric quadrupole moment Q can be defined as It can be shown that the last term in (7) can be simplified into:
Applying the Maxwell equation 
where we have used the fact that we calculate only the time-average force, and the magnetic dipole moment is given by . We should note here that the charge can only move around its equilibrium position, so i
As a result, for the C4-particle which possesses an electric dipole moment, a magnetic dipole moment, and an electric quadrupole moment, the force that the incident field directly acts on the particle is given by
While the Type 1 forces are given by (16), one still has to determine the Type 2
forces. This can be calculated by using the Maxwell stress tensor. Consider, for example, in order to evaluate the interference induced optical force between the electric dipole and magnetic dipole, one can integrate the Maxwell stress tensor with the field only given by the electric and magnetic dipole. This amounts to the interaction between the electric dipole and the magnetic dipole. The procedure for the other multipoles is similar.
With some straight forward but tedious calculation, one finally arrives at the total optical force: 
We note that the optical force has the same form irrespective to the origin of the multipole moments, be it due to point charges, magnetic charges, dipoles, or else. Thus, (17) truly represents the optical force acting on a particle with electric dipole moment p , magnetic dipole moment m , and electric quadrupole moment Q , irrespective to the origin of the moments.
Appendix B: Derivation of the optical force acting on a small particle characterized by multipole moments up to electric octopole
To derive the expression of the higher order multipole force, one could start everything from scratch by considering a collection of charges that builds up the multipoles, just as in the main text. The extinction force can then be derived from the Lorentz force after proper limiting procedure. Alternatively, one could follow the approach of
where l is the separation between the centers of the two C4-particles. Invoking a Taylor series expansion for * E , one arrives at 
is the symmetric traceless electric octopole moment, and (
Sym  ldp + lpd + pld + pdl + dpl + dlp ldp (21) Is all permutation of l , d , and p divide by six. We note that unlike in electrostatic, in electrodynamics, the trace of the octopole moment does not vanish. Consequently, we have an additional term in the middle of the final line of(19). Next, consider the last term in the last line of (19). Noting that 
The last term of the last line of (19) can be written as 
Using the Maxwell equation 2 * * * 
Since the optical force has the same form irrespective to the origin of the moments, one can infer from (31) that the optical force acting on an electric octopole, a magnetic quadrupole, and a toroid dipole are given by the first, second, and third term of (31) respectively. Consequently, the total force acting on a particle possesses multipole moments up to electric octopole order is given by 
We note that we have ignored the interaction between the electric octopole, magnetic
